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EVALUATING INSECTICIDES FOR CORN ROOTWORM LARVAL CONTROL 
USING A NEW RATING SCALE 
Tim Nowatzki, Jim Oleson, Jon Tollefson 
Iowa State University, Department of Entomology 
Researchers estimate that com rootworms, Diabrotica virgifera virgifera LeConte and D. 
barberi Smith and Lawrence, cost U.S. com growers one billion dollars annually in chemical 
control costs and crop losses (Metcalf 1986). Between 50 and 60% of the total U.S. com acreage 
has some chemical control applied for com rootworms (Metcalf 1986). In Iowa, 22% of all com 
is treated with an insecticide for com rootworm control today (Hartzler et al. 1997). 
Com rootworms have one generation per year in Iowa. The insect overwinters as an egg 
in the soil. Egg hatch usually begins in early June, or after 500 degree-days Fahrenheit have 
accumulated. The larvae will feed on com roots and complete three · stages of development, 
lasting about 3 weeks. Larval feeding on roots causes the greatest amount of damage by 
reducing water and nutrients supplied to the developing plant, and by increasing the plant' s 
susceptibility to lodging. Unfortunately, we typically do not detect a com rootworm problem 
until it is too late, after we see the symptoms of root injury, or when the plant lodges. 
Traditionally, root injury from com rootworms has been evaluated with the Iowa 1-6 
scale, developed by Hills and Peters (1971). This scale, shown in Table 1, is really an index, and 
does not provide the user with an exact measurement of injury. On the Iowa 1-6 scale, a rating 
of 3 is generally considered the economic injury l.evel. For 2000, Iowa State University is 
implementing a new root rating scale called the Node-Injury Scale (Table 2). The Node-Injury 
Scale is an improvement over the Iowa 1-6 scale because 1) it is a linear scale; 2) it is more 
intuitive which makes it easier to learn and use; and 3) it provides greater precision because it is 
a measures the actual amount of injury. 
On the Node-Injury Scale, a root can receive a rating between 0 and 3. A perfect root 
with no injury receives a 0. If one node (circle of roots), or the equivalent of an entire node, is 
eaten back to within approximately 2 inches of the stalk, it receives a 1. Two nodes eaten 
receives a 2, and three nodes eaten gets a 3. Injury between complete nodes is noted as a 
percent. For example, if IA of the roots on a node are injured it is rated a 0.25. Another example, 
if all the roots are eaten on one node, and half the roots are eaten on another, the rating would be 
1.50. On the Node-Injury Scale, Y2 a node of injury is considered the economic injury level. 
However, many factors , the number and species of larvae, root system size, the hybrid's root 
regeneration ability, soil moisture and nutrient availability, plant population and environmental 
conditions will influence the amount of damage, or yield loss, associated with the level of root 
injury (Levine and Oloumi-Sadeghi 1993). A quick-guide for using the Node-Injury scale is 
shown in Fig. 1. The "Interactive Node-Injury Scale" provides additional help with evaluating 
com rootworm injury, and can be accessed on the ISU Dept. of Entomology home page, 
http://www.ent.iastate.edu/pest/rootwormlnodeinjury/nodeinjury.html. 
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Soil-applied insecticides are important pest management tools for protecting corn roots 
from damage by corn rootworm larvae. Soil insecticide performance is evaluated based on the 
"consistency" in root protection the product provides. Percent consistency is the number of 
times the insecticide kept root injury below the economic injury level of Y2 node. It is also 
necessary to have % node or greater injury in the untreated check so the insecticide is sufficiently 
challenged. An insecticide never fails when corn rootworms are not present. 
Corn rootworm insecticide consistency was evaluated in 6 experiments conducted across 
Iowa in 2000 (Table 3). The experimental design was a randomized complete block, with 4 to 9 
replications per location (total of 36 replications). Nine replications were removed from the 
analysis because they did not have sufficient larval feeding in the untreated check to challenge a 
product's performance (untreated check< 0.75 a node injured). Five tests used the hybrid, NK™ 
N58-D1 (106-110 day), and one test used Asgrow RX601 YG (105 day). Both hybrids contained 
Bt genes for European corn borer resistance. Insecticides were applied to either single or 4-row 
treatments, with a 4-row John Deere MaxEmerge™ 7100 integral planter with 30-inch row 
spacing. Root injury was evaluated in July with the Node-Injury Scale on 3-6 root systems per 
treatment in each replication. Data were analyzed with standard ANOVA procedures. Ryan' s Q 
Test was used to rank treatment means where significant differences (P ~ 0.05) occurred. A 
percent consistency was also calculated for each treatment. A 3-year summary of insecticide 
performance is shown in Table 4. Note the two seed treatments, Gaucho and Proshield, are not 
shown in the 3-year summary because they were new products for corn rootworm in 2000. 
Transgenic corn hybrids for corn rootworm control will soon be available. Monsanto's 
transgenic corn resistant to the corn rootworm contains the Bt Cry3Bb protein. Monsanto plans 
to market the product as MaxGuard®. This is a different protein than is used in transgenic 
hybrids for European corn borer control. Since 1999, Iowa State has evaluated preliminary, 
experimental Monsanto events, and results show that these events provided at least as good or 
better root protection than labeled soil insecticides they were compared with (Fig 2). 
In summary, the Node-Injury Scale for measuring larval corn rootworm injury to corn 
roots offers an improvement over the Iowa 1-6 rating scale because it is linear, more intuitive, 
and can be used with greater precision. These improvements should help growers and 
consultants more accurately assess root injury in the field, as well as provide researchers with a 
more precise tool for evaluating products for control of corn rootworm larvae. 
Literature Cited 
Hartzler, R., W. Wintersteen, and B. Pringnitz. 1997. Survey of pesticides used in Iowa crop 
production, 1995. Pesticide Management and the Environment Publicatio~ Pm-1718. 
Iowa State University. Ames, lA 50011. 
Hills, T. M. and D. C. Peters. 1971. A method of evaluating post-plant insecticide treatments 
for control of western corn rootworm larvae. J. Econ. Entomol. 64: 754-765. 
Levine, E. and H. Oloumi-Sadeghi. 1991. Management of Diabroticite Rootworms in Corn. 
Annual Rev. of Entomol. 36: 229-255. 
I 14 
Metcalf, R. L. 1986. Foreword. Pages vii-xv in J. L. Krysan and T. A. Miller, eds. Methods 
for the study of pest Diabrotica. Springer-Verlag, New York. 
Table 1. The Iowa 1-6 root injury rating scale developed by Hills and Peters (1971) for 
evaluating corn rootworm injury and insecticide performance in corn: 
Root Injury 
Ratin 
1 
2 
3 
4 
5 
6 
Description 
No damage or only a few minor feeding scars. 
Feeding scars evident, but no roots eaten off to within 1 Yz inches of the 
plant. 
Several roots eaten off to within 1lh inches of the plant, but never the 
equivalent of an entire node of roots destroyed. 
One node of roots completely destroyed. 
Two nodes of roots completely destroyed. 
Three or more nodes of roots completely destroyed 
Table 2. The Node-Injury Scale (Oleson and Tollefson, unpublished) is an improved rating 
scale for evaluating corn rootworm injury and insecticide performance in corn. 
Root Injury 
Rating* 
0.00 
1.00 
2.00 
3.00 
Description 
No feeding damage. 
One node, or the equivalent of an entire node, eaten back to within 
approximately 2 inches of the stalk. 
Two nodes eaten. 
Three or more nodes eaten. 
*Damage between complete nodes eaten is noted as the percentage of the node that is missing; 
0.25 = 14 node eaten; 1.50 = 1 Yz nodes eaten. 
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Fig. 1. A quick guide to using the Node-Injury Scale for evaluating com rootworm injury. 
NO PREVIOUS ROOT RATING EXPERIENCE--
• Has one complete node (circle of roots) or the equivalent, eaten back to within 
approximately two inches of the stalk? 
• NO or YES ______. Record number of nodes eaten, plus any additional damage 1 (by quarter nodes). Choices are: 1, 1%, 1Vz, 1%, 2, 2%, 21/z, 2%, or 3 (highest rating that can be given). 
• How much of one node is eaten? Record 31'4, 1/2, 1 '4, (118)*, or 0. 
Recording note: convert fractions to decimals i.e. (1 114 = 1.25). 
IOWA 1-6 RATING SCALE EXPERIENCE--
(recording with Node-Injury Scale) 
1 -(is it good or bad); record .00 or .02* 
2 - (is it good or bad); record .05 or .10 
3- (good to bad); record .25, .50, or .75 
*light feeding 
4- one node plus additional damage by quarter nodes; record 1.00, 1.25, 1.50, 1.75 
5- two nodes plus additional damage by quarter nodes; record 2.00, 2.25, 2.50, 2.75 
6 - three nodes eaten; record 3.00 
*not quite perfect (feeding scars) 
116 
Table 3. Summary of root injury ratings and percent consistency for planting-time and post-
emergence insecticide treatments. 2000 Iowa State University com rootworm efficacy tests (six 
locations). 
Node-In,jur;t2;3 
Insecticide Placement1 Full Partial (%) 
Force 3G T-band 0 9a 
Aztec 2.1G T-band 0 9a 
Fortress 5G T-band (SB) 0 9a 
Force 3G Furrow 0 13a 
Aztec 2.1G Furrow 0 14 a 
Counter 20CR T-band 0 15 a 
Fortress 5G Furrow (SB) 0 18 a 
Lorsban 15G T-band 0 21 a 
Counter 20CR Furrow 0 25 a 
Capture 2EC T-band 0 29 a 
Furadan 4F B'cast-nc 0 39 a 
Lorsban 15G Furrow 0 44 ab 
Thimet 20G T-band 0 47 ab 
Regent 4SC Furrow-M 0 76 b 
ProShield Seed Treatment 1 30 c 
Gaucho Seed Treatment 1 46 cd 
CHECK 1 68 d 
1 T-band & Furrow= granular insecticide applied at planting time; 
B'cast-nc =liquid insecticide broadcasted (June 2-12), no cultivation; 
SB = SmartBox application (all others are Noble application); 
Percent 
Consistencv2'3'4 
96 a 
96 a 
95 a 
94 a 
91 a 
89 ab 
86 abc 
83 abc 
76 abc 
75 abc 
67 bed 
65 cd 
66 bed 
51 d 
22 e 
9 e 
13 e 
Furrow-M = microtube application, in-furrow (water carrier rate of 4 gallons/a). 
2 Head to head comparisons; chemical means based on 96 observations; multiple check means 
based on 204 observations; 27 of 36 replications analyzed; replications that did not have 
sufficient larval feeding to challenge a product's performance (UTC <0.75 of a node injured) 
were deleted from these analyses. 
3 Means sharing a common letter do not differ significantly (Ryan's Q Test; P::; 0.05). 
4 Percentage of times Node-Injury rating was 0.25 (1/4 node eaten) or less. 
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Table 4. 1998-2000 summary of root injury ratings and percent consistency for planting-
time and post-emergence insecticide treatments. Iowa State University com rootworm 
efficacy tests (15 locations). 
Node-In,jurl:z;3,'1 
Insecticide Placement1 Full Partial (%) 
Force 3G Furrow 0 13a 
Aztec 2.1G Furrow 0 15 ab 
Aztec 2.1G T-band 0 16 ab 
Force 3G T-band 0 17 abc 
Counter 20CR T-band 0 26 abc 
Counter 20CR Furrow 0 29 abed 
Fortress 5G Furrow (SB) 0 34 abed 
Furadan 4F B'cast-nc 0 39 be de 
Lorsban 15G T-band 0 39 be de 
Fortress 5G T-band (SB) 0 40 cde 
Lorsban 15G Furrow 0 53 def 
Regent 4SC Furrow-M 0 60 ef 
Thimet 20G T-band 0 65 f 
CHECK 1 72 ()" b 
1 T -band & Furrow = granular insecticide applied at planting time; 
B'cast-nc =liquid insecticide broadcasted (June 2-12), no cultivation; 
SB = SmartBox application (all others are Noble application); 
Percent 
Consistencv2'3'5 
91 a 
88 a 
87 ab 
84 abc 
79 abc 
76 abc 
73 be 
70 cd 
70 cd 
69 cd 
57 d 
56 d 
57 d 
10 e 
Furrow-M = microtube application, in-furrow (water carrier rate of 1 gallon/a in 1998 and 
1999; 4 gallons/a in 2000). 
2 Head to head comparisons in 69 replications (chemical means based on 252 observations); 
multiple check means based on 594 observations; replications that did not have sufficient 
larval feeding to challenge a product's performance (UTC <0.75 of a node injured) were 
deleted from these analyses. 
3 Means sharing a common letter do not differ significantly (Ryan's Q Test; P ~ 0.05). 
4 Full= number of nodes completely eaten; partial= percentage of a node (or an additional 
node) eaten. 
5 Percent consistency= percentage of times Node-Injury rating was 0.25 (114 node eaten) or 
less. · 
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Fig. 2. Comparison of soil insecticides to preliminary, experimental Monsanto transgenic events 
(Bt Cry3Bb) Nashua IA, 1999. 
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